REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  auerage  1  hour  per  response,  including  the  time  for  reviewing  instructions 
aatherinq  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or 

collection  of  information  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  tor  Information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway  Suite  1204  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0 188),  Washington,  DC  20503. 


3.  REPORT  TYPE  AND  DATES  COVERED 


1.  AGENCY  USE  ONLY  (Leave  blank) 


2.  REPORT  DATE 

01/00/78 


4.  TITLE  AND  SUBTITLE 

TEST  PLAN  FOR  LABORATORY  BENCH  SCALE  STUDY  (ULTRAVIOLET/OZONE  PROCESS) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION.  ENVIRONMENTAL  ENGINEERING  DIVIS 
VICKSBURG,  MS 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


81327R06 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


ARMY  CHEMICAL  DEMILITARIZATION  AND  INSTALLATION  RESTORATION 
ABERDEEN  PROVING  GROUND,  MD 


11.  SUPPLEMENTARY  NOTES 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 


.12b.  DISTRIBUTION  CODE 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 


13.  ABSTRACT  (Maximum  200  words) 

IN  ORDER  TO  EXPAND  THE  EARLIER  STUDIES  AND  TO  PROVIDE  SUPPORT  FOR  FURTHER 
UV/OZONE  FIELD  STUDIES  AT  RMA,  A  BENCH-SCALE  UV/OZONE  SYSTEM  HAS  BEEN  DESIGNED, 
PROCURED  AND  PLACED  IN  OPERATION.  THE  BENCH  STUDIES  WILL  BE  CONDUCTED  AT  WES  ON 
VARIOUS  SOURCE  WATERS.  THE  MAJOR  OBJECTIVES  OF  THE  BENCH-SCALE  STUDY  ARE  AS 
FOLLOWS:  A.)  TO  ASSESS  THE  EFFECT  OF  ADDITIONAL  OPERATIONAL  PARAMETERS  ON  THE 

EFFICIENCY  OF  REMOVAL  OF  ORGANIC  CONTAMINANTS  FOR  RMA  GROUND  WATER  BY  THE 
UV/OZONE  SYSTEM;  B. )  TO  PROVIDE  DATA  NEEDED  IN  THE  DESIGN  AND  CONSTRUCTION  OF  A 
MODIFIED  FIELD-SCALE  UV/OZONE  SYSTEM;  C. )  TO  PROVIDE  ADDITIONAL  DATA  FOR  USE  IN 
REFINING  AND  CALIBRATING  A  MATHEMATICAL  MODEL  OF  THE  UV/OZONE  TREATMENT  PROCESS; 
D.)  TO  ASSESS  THE  APPLICABILITY  OF  THE  UV/OZONE  PROCESS  IN  REMOVING  CONTAMINANTS 
FROM  ADDITIONAL  SOURCE  WATERS  AT  RMA, 


me  QUALIFf  mSPECTED  Sf 


14.  SUBJECT  TERMS 


15.  NUMBER  OF  PAGES 


GROUNDWATER,  CHEMICALS,  CONTAMINANTS 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  118.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 


I  UNCLASSIFIED 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39*18 
298-102 


i  81327R06 


TEST  PLAN 
for 

LABORATORY  BENCH-SCALE  STUDY 
(Ultraviolet/Ozone  Process) 


81327R06 

original 


by 

A.shfaq  A.  Khan 

USAE  Waterx^ays  Experiment  Station 
Environmental  Engineering  Division 
Vicksburg,  Mississippi  39180 


ITARMS  TASK  NO :  1.05.11 


January  1978 


Prepared  For:  Office,  Project  Manager  for  Chemical 

Demilitarization  and  Installation  Restoration, 
Aberdeen  Proving  Ground,  Maryland  21010 


19950130  077 


INTRODUCTION 

1.  Groundwater  at  Rocky  Mountain  Arsenal  (RMA)  has  been  found  to 
contain  traces  of  organic  contaminants.  Previous  bench  scale  studies 
and  a  limited  field-scale  study  conducted  during  FY  77  at  RMA  have  proven 
"the  applicability  of  combined  UV  light  and  ozone  oxidation  in  removing 
organic  contaminants  from  the  groundwater  at  RMA.  The  field  study  indi¬ 
cated  that  the  treatment  removal  efficiency  for  organic  contaminants  is 
highly  dependent  on  the  operational  parameters  such  as  ozone  mass  flow, 
liquid  flow,  and  UV  light  intensity.  The  field  study  was  limited  with 
respect  to  certain  operational  parameters  that  could  not  be  easily  con¬ 
trolled  with  the  available  UV/ozone  reactor  unit.  These  parameters  in¬ 
clude  temperature,  pH,  pressure,  and  mxxxng. 

2.  In  order  to  expand  the  earlier  studies  and  to  provide  support 
for  further  UV/ozone  field  studies  at  RMA*,  a  bench-scale  UV/ozone  system 
has  been  designed,  procured,  and  placed  in  operation.  The  bench  studies 
will  be  conducted  at  the  Waterways  Experiment  Station  O'JES)  on  various 
sotncce  waters. 

OBJECTIVES 

3.  The  main  objectives  of  the  bench  scale  study  are  as  follows: 

a.  To  assess  the  effect  of  additional  operational  parameters 
on  the  efficiency  of  removal  of  organic  contaminants  from 
RMA  groundwater  by  the  UV/ozone  system. 

b.  To  provide  data  needed  in  the  design  and  construction  of  a 
“  modified  field-scale  UV/ozone  system. 


^  -  -  I  ■  ■  ■  ..  .1  .  I  ■  I  . . 

*These  field  studies  are  discussed  in  a  test  plan  titled  Test  Plan  for 
<c  Field  Scale  System  Study  (Ultraviolet/Ozone  Process)"  dated  January  1978. 


c_.  To  provide  additional  data  for  use  in  refining  and  calibrating 
a  mathematical  model  of  the  UV/ozone  treatment  process. 

To  assess  the  applicability  of  the  UV/ozone. process  in 
removing  contaminants  from  additional  source  waters:  at  EMA.  ■ 

METHODOLOGY 

Equipment 

4.  A  two  stage  UV/ozone  bench  scale  system  was  constructed  for 
this  study  (Figure  1).  Each  reactor  contains  two  UV  lamps,  an  impeller, 

a  gas  introduction  system,  and  a  temperature  control  system.  Each  reactor 
vessel  has  a  volume  of  14  liters.  Additional  equipm.ent  such  as  flow 
meters,  pressure  gauges,  thermometers,  a  UV  intensity  meter,  and  a 
ozone  measuring  system  were  obtained  and  provide  for  complete  monitoring 
of  all  operational  parameters.  Ozone  will  be  provided  by  a  OREC  ozone 
generator  capable  of  using  oxygen  or  air  as  a  feed  gas. 

5.  The  bench-scale  system  can  be  operated  in  a  batch  or  continuous 
mode.  In  the  continuous  mode,  the  system  can  operate  with  either  concur¬ 
rent  or  countercurrent  flow.  Each  reactor  has  several  ports  which  allow 
for  the  introduction  of  additives  as  in  the  case  of  pH  control.  These 
ports  also  provide  an  access  for  monitoring  probes  to  the  reaction 
chambers . 

Experimental 

6.  The  UV/ozone  bench  study  will  begin  with  a  series  of  break-in 
and  calibration  runs  conducted  on  PW  3  source  water  from  RMA.  After  an 
initial  check  of  the  system,  testing  will  be  conducted  on  water  from 

PW  118  along  with  other  source  waters  as  directed  by  the  OPM-CDIR.  This 
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work  will  include  a  series  of  runs  made  with  the  reactors  in  a  batch  mode 
in  order  to  obtain  data  on  reactor  kinetics.  The  rate  of  disappearance 
of  organic  contaminants  will  be  related  to  UV  light  intensity  and  ozone 
mass  flow  along  with  additional  parameters  such  as  temperature  and  pH. 
Approximately  20  to  30  runs  will  be  required  in  the  batch  mode  after 
the  initial  calibration. 

7.  The  next  phase  of  the  experiment  will  involve  a  series  of  con¬ 
tinuous  flow  runs  using  information  gathered  in  batch  runs  to  determine 
operational  parameter  settings.  A  factorial  type  experiment  will  be 
conducted  using  a  variety  of  parameter  settings.  This  part  of  the  ex¬ 
periment  will  be  aimed  at  determining  the  optimtim  operational  parameters 
associated  with  organic  contaminant  disappearance.  Approximately  25 

to  35  runs  will  be  required  during  this  phase  of  the  study. 

8.  The  final  phase  of  the  bench  scale  study  will  be  concerned  with 

providing  support  for  the  on— going  field  studies.  The  bench  scale  unit 
will  be  used  to  provide  a  quick  means  of  determining  the  approximate 
operational  parameter  settings  to  be  used.  .  ^ 

Sampling  and  Analysis  ,  -  .  r '  -,  v  ~  - 

9.  The  bench  scale  unit  will  be  instrumented  to  facilitate  con¬ 
tinuous  monitoring  of  operating  parameters.  Parameters  to  be  monitored 
include: 

a.  Ozone  concentration  in  the  feed  gas. 

b.  Oxygen  concentration  in  the  influent  and  effluent. 

c^.  pH  of  influent  and  effluent. 

•d.  Liquid  and  gas  flow  rates. 
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_e.  Temperature. 

.  10.  In  order  to  establish  a  criteria  for  treatment,  a  representa¬ 

tive  constituent  has  to  be  identified  on  which  to  base  treatment  efficiencies. 
As  in  previous  studies,  DIMP  (diisopropylmethylphosphonate)  will  be  used 
as  this  representative  substance.  It  is  a  stable  compound,  and  it  has 
been  shown  that  efficient  removal  of  this  substance  will  normally  insure 
removal  of  similar  compounds.  Other  analyses  will  be  conducted  as  follows: 
a.  Organic 

(1)  DBfP 

(2)  DCPD 

(3)  Pesticides 

(4)  Organosulfur  compounds 

(5)  Organophosphorus  compounds 

(6)  TOC  (Total  Organic  Carbon) 

(7)  COD  (Chemical  Oxygen  Demand) 

Hetals 

(1)  -Iron,  ^ 

(2)  ■  Lead 

(3)  Mercury 

(4)  Arsenic' 

(5)  ■■  Manganese  - 

(6)  Sodium 
c_.  Others 

(1)  Total  dissolved  solids 

(2)  Conductivity 

4  .  ■  . 


(3)  .  Chloride 

(4)  Fluoride 

(5)  Bromide 

(6)  Hardness 

(7)  Alkalinity 

(8)  Sulfate 

(9)  Nitrite 

(10)  Nitrate 

(11)  Phosphate 

The  aforementioned  analyses  will  be  conducted  throughout  the  study.  Not 
all  analyses  will  be  conducted  on  every  sample,  but  sufficient  testing 
will  be  conducted  to  insure  a  thorough  characterization  of  the  different 
groundwater  samples.  Samples  will  be  collected  and  analyzed  according 
to  Standard  Methods.  All  of  the  analyses  will  be  conducted  at  T'TES.  RMA 
will  provide  quality  control  support  for  organic  analyses  on  the  order 
of  three  to  four  samples  per  week. 

^  SCHEDULING 

11.  A  time  schedule  for  operation  of  the  UV/ozone  bench  scale  system 
during  FY  78  is  presented  in  Figure  2.  Test  plan  development  is  scheduled 
for  completion  .by  January  1978.  Procurement  and  instailat'ion  of  "equipment 

is  scheduled  for  completion  by  6  January  1978.  At  that  time,  the  bench- 

■  /  ' 

scale. unit  will  be  ready  for  operation.  The  rest  of  January  will  be  used 
for  equipment  break-in  and  calibration.  Batch  studies  will  be  conducted 
during  February  and  March  being  followed  by  continuous  studies  in  April 
and  May.  During  the  summer,  the  bench-scale  unit  will  be  used  in  support 
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of  the  field  studies  at  RMA  as  needed.  A  summary  report  on  work  completed 
in  FY  78  on  the  bench-scale  study  is  due  1  October  1978. 


UV/Ozone  Bench-Scale  Unit 


Figure. 2. 

UV/ozone  Bench  Unit  Work  Schedule 
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